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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a monitor such as a 
mass spectrometer that can detect trace molecules from a 
sample. 

2 . Background Information 

Mass spectrometers are typically used to detect one or 
more trace molecules from a sample. For example, a mass 
spectrometer can be used to detect the existence of toxic 
or otherwise dangerous compounds in a room. Mass 
spectrometers are also used to analyze drug compounds in 
solvents. Mass spectrometers typically ionize trace 
molecules from a gas sample and then deflect the ionized 
molecules into a detector. The molecules may be contained 
in a liquid sample which is typically volatilized using 
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heat and a flow of gas such as nitrogen to help break up 
the liquid stream into small aerosol particles. The gaseous 
molecules can then be ionized by techniques such as 
atmospheric pressure photoionization (APPI) and atmospheric 
pressure chemical ionization (APCI) . Another method for 
ionizing molecules in liquid is by electrospray ionization 
(ESI) . In the ESI method a liquid stream is charged by a 
voltage and the ionized molecules are released from the 
liquid stream in a process that creates aerosol droplets. 
The aerosol droplets can be further evaporated into 
isolated ions. 

U.S. Patent Nos. 6,211,516 and 6,329,653 issued to 
Syage et al. disclose a mass spectrometer that contains a 
photoionizer. The photoionizer includes a light source 
that can emit a light beam into a gas sample. The light 
beam has an energy that will ionize constituent molecules 
without creating an undesirable amount of fragmentation. 
The molecules can be ionized at pressures ranging from low 
to above atmospheric pressure. U. S. Application No. 
596,307 filed in the name of Syage et al. discloses 
embodiments of APPI sources. U.S. Patent 6,534,765 issued 
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to Robb. et al discloses an atmospheric pressure 
photoionization source that uses dopant molecules to 
increase ionization efficiency. APPI is emerging as an 
important technique in mass spectrometry. 
5 It is generally desirable to provide a mass 

spectrometer; that can detect a number of different 
compounds; provides a strong parent molecular ion signal 
with minimal fragmentation; is minimally susceptible to 
interference and gives a linear response with 

1 0 concent rat ion . 

It would be desirable to provide a photoionizer that 
can handle large quantities of sample to use with various 
liquid flow sources such as liquid chromatography (LC) and 
separation columns. It would also be desirable to provide 

15 a photoionizer that ionizes analyte in liquid samples by a 
means other than thermal vaporization. 

Finally it would be desirable to combine a photoionizer 
with other ionizers to extend the range of molecules that 
can be ionized. It is also desirable to simultaneously 

20 operate more than one ionizer and do so in a manner that 
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provides rapid switching between different modes of 
operation. 
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BRIEF SUMMARY OF THE INVENTION 
A monitor that can detect a plurality of trace 
molecules ionized in an ionizing chamber at approximately 
one atmosphere. The trace molecules can be ionized by a 
5 photoionizer and/or other ionizers coupled to the ionizer 
chamber. The monitor may have a switch that controls the 
operation of the ionizers to operate in a variety of 
different modes. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is an illustration showing the ionization 
methods of electrospray ionization and photoionization; 
Figure 2 is an illustration of an embodiment of a 
5 monitor; 

Figure 3 is a block diagram for switching between 
different ionization sources; 

Figures 4A-B are timing diagrams for switching between 
different sources and for switching between positive and 
10 negative ions; 

Figure 5 is a graph showing the results of switching 
between electrospray and photoionization sources; 

Figure 6 is an illustration showing sample flow 
switching methods for use with an ESI and APCI vaporizer; 
15 Figure 7 is a timing diagram for different methods for 

switching liquid flow for use with an ESI and APCI 
vaporizer. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Disclosed is a monitor that has multiple ionization 
sources that can be switched between different modes. The 
monitor may have an electrospray ionizer C'ESI") and a 
photoionizer that ionize at approximately atmospheric 
pressure C'APPI"). Activation of the ionizers is 
controlled by a switch. The switch can activate the 
ionizers in accordance with a plurality of modes. For 
example, the switch may create modes where the ionizers are 
activated sequentially or simultaneously. The monitor may 
further have an atmospheric pressure chemical ionizer 
("APCI") that is controlled by the switch to activate in a 
plurality of modes. The modes may be switched to detect 
different trace molecules of a sample loaded into^ an 
ionization chamber. The ionizers are preferably located at 
orthogonal angles relative to each other. 

Referring to the drawings more particularly by 
reference numbers. Figure 1 illustrates the ionization 
mechanism for APPI and ESI and shows that these ionization 
sources have different benefits. Particularly, ESI is 
suitable for ionizing high molecular weight compounds that 
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are not easily ionized by APPI . Conversely APPI is suitable 
for ionizing lower molecular weight compounds and non-polar 
compounds that are not easily ionized by ESI. Furthermore, 
APPI has advantages with regard to minimizing solvent 
ionization, adduct ions, and ion suppression compared to 
ESI. 

Figure 2 shows an embodiment of a monitor 10 of the 
present invention. The monitor 10 may include an 
electrospray ionizer 11 consisting of an inlet capillary 
12, a gas flow tube 14, and a metallized capillary tip 16. 
The gas flow tube 14 can introduce a gas that assist in 
vaporizing a sample that flows through the inlet 12. The 
monitor 10 may also include a photoionizer 22 which may 
contain an electrode 24. The monitor 10 may also include an 
APCI source 30 consisting of an inner liquid flow and an 
outer gas flow 32 and a discharge needle 34 to effect 
ionization. The combined ionization sources 20 may be 
coupled to a detector 50 by a vacuum interface 40. The 
vacuum interface consists of an inlet skimmer or aperture 
42, a capillary interface 44, a pump 46, and may consist of 
other skimmers and inlets into the detector 50. The 

Atty Docket No. 155692-0034 -9- BJY/wrj 

Express Mail Label No. EL696986155US 

1041248 



ionizers can be attached to a monitor housing 52 that has 
an ionizing chamber 54, The ionizing chamber 54 typically 
operates at approximately one atmosphere. 

The preferred embodiment ESI 11 and APCI 3 0 vaporizers 
5 are orthogonal to the entrance 42 of the vacuum interface 
40. Orthogonality is defined as a range of angles of 45° to 
135° relative to the axis defined by the entrance aperture 
42 inlet gas flow. The APPI light source 22 may have a 
range of angles that does not interfere with the ESI and 

10 APCI assemblies. The APPI may be orthogonal to both the 
ESI and the APCI. 

The use of all three ionizers APPI, APCI, and ESI can 
be operated with separate vaporizers for APCI 3 0 and ESI 
.11. The use of the three ionizers may also be operated with 

15 just the ESI 11 inlet flow. The APCI discharge needle 34 
can be positioned to ionize the vaporized liquid flow from 
the ESI source 11. 

Figure 3 diagrams the operation of the ESI, APCI, and 
APPI sources. A control system 100 consists of a switching 

20 circuit 110 and a processor 140. The switching circuit 

directs source voltage and current to the various ionizer 
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components from voltage 102 and current sources 104 and 
106, respectively. The processor 140 can control the 
switch 110. 

For ESI operation a voltage difference is applied from 
the metallized electrode 16 to the entrance of the vacuum 
interface 42 (see Fig. 1) . For positive ion detection, 
either a high positive voltage is applied to 16, with 42 at 
ground potential, or a negative voltage is applied to 42, 
while 16 is maintained at a ground potential. Intermediate 
voltages may be applied to 16 and 42 to achieve a similar 
voltage difference. For negative ion detection, voltages of 
opposite polarity are applied. A typical range of voltages 
applied to 16 for positive ion detection is about 500 to 
3000 V. The optimum voltage value is dependent on the 
distance between 16 and 42. These conditions are known from 
prior art . 

For operation of more than one mode of ionization it 
may be desirable to turn off the ESI source while another 
ionizer is operating. It may also be desirable to operate 
more than one ionizer at the same time. The following 
description pertains to operation of both ESI and APPI in a 
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dual ionizer mode. For a mode of operation where the ESI 
source is not required the ESI voltage 102 may be switched 
off from the ESI source 11. The APPI electrode 24 may- 
assist in directing the ions to the entrance 42 of the 
5 vacuum interface 40 of the detector 50. For switching 
between ESI and APPI the ESI voltage source 102 may be 
switched between electrode 16 and 24. In another mode of 
operation the ESI voltage may be applied to both 16 and 24 
at the same time. This may assist in directing ESI ions to 

10 the entrance 42 even if the APPI source 22 is off. It may 
also be the mode of operation for simultaneous operation of 
ESI and APPI. The APPI current 106 may also be applied to 
the APPI source 22, or to an off mode 13 0. This switch 
permits the ESI and APPI sources to operate independently, 

15 or in a switched mode. The APPI current drives the gas 

discharge of the APPI source to generate ionizing photons. 
Many types of gas discharges can be used and the driver 
circuits are known in the prior art. In another mode the 
photoionizer is on and the ESI is switched between on and 

20 off states, or vice versa. 
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The following description pertains to operation of the 
APCI source 30 in combination with APPI, or in combination 
with APPI and ESI in a triple ionizer mode. 

The APCI source operates by passing a current through 
the APCI needle 34 as known by prior art methods. The 
current flows through a resistor (not shown) that creates a 
voltage at the APCI needle 34. This voltage creates the 
potential difference between the needle and a ground plane 
needed to sustain the APCI discharge. The APCI source may 
be turned off by turning the current off or by shunting the 
current to ground through a shunt resistor, when the switch 
is in the shunt mode 126. In this mode the voltage created 
by the shunt resistor may be used as a useful voltage for 
the APPI electrode 24. By way of example, a current of 15 
microamps terminated by a 30 megaohm resistor would create 
a voltage drop of 450 volts. The APPI can be operated with 
the APCI source either sequentially or simultaneously. 

The APCI current 104 may be switched between the APCI 
needle 34 and the APPI electrode 24 to switch between APCI 
and APPI. In another mode of operation the APCI current may 
be applied to both 34 and 24 at the same time. This may 
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assist in directing APCI ions to the entrance 42 even if 
the APPI source 22 is off. It may also be the mode of 
operation for simultaneous operation of APCI and APPI. The 
APPI current 106 may also be applied to the APPI source 22 
or to the off mode 130. This switch permits the APCI and 
APPI sources to operate independently, or in a switched 
mode • 

All three ionizers, ESI source 11, APPI source 22, and 
APCI source 30 may be operated simultaneously in a switched 
mode. For simultaneous operation either the voltage from 
the APCI needle current, or the voltage from the ESI 
source, may be used for the APPI electrode 24. The APPI 
source can also operate without the electrode 24 or with 
other electrode structures to steer the ions to the 
entrance aperture 42 . 

The following description pertains to operating the 
different ionizers in negative ion detection mode. This is 
affected by reversing the voltage polarities on the ESI 
metal tip 16, the APPI electrode 24 and the APCI needle 34. 
The modes of operation of the multiple ionizers for 
negative ion detection can be similar to that described 
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above for positive ion detection. All of the modes for both 
positive and negative ion generation may be defined and 
controlled by the processor 140. 

Figures 4 A and 4B are timing diagrams showing different 
modes of operation for sequential switching of the ESI, 
APCI, and APPI sources for both' positive and negative ion 
detection. In Fig. 4A, the sequence is based on switching 
the ionizers while detecting positive ions and then 
changing voltage polarity to detect negative ions. This 
sequence can be repeated continuously. Another mode of 
operation is shown in Fig. 4B. In this case the voltage 
polarities are changed for a fixed ionizer mode so that 
positive and negative ions are detected for one ionizer and 
then the sequence is repeated for the next ionizer. In the 
sequences of Figs. 4A and 4B there are 6 modes; 3 for the 
different ionizers, and 2 for the different ion charges. 
The preference for one sequence versus another will depend 
on how quickly ionizers can be switched relative to voltage 
polarities. Not only must the voltage polarities described 
above be switched, but electronics in the detector 50 may 

Atty Docket No. 155692-0034 -15-. BJY/wrj 

Express Mail Label No. EL696986155US 

1041248 



also require voltage polarity switches to detect positive 
and negative ions. 

It should be noted that the sequences in Figs. 4A and 
4B can also be effected for two ionizers rather than three, 
such as APPI with ESI, or APPI with APCI . It is also 
possible to operate two ionizers simultaneously and switch 
to the third ionizer. For example, the user could switch 
between APPI and ESI/APCI, or ESI and APPI/APCI, or APCI 
and APPI/ESI. 

Figure 5 shows results of switching between APPI and 
ESI. In this example a sample consisting of melittin and a 
drug analyte were analyzed. Ion chromatograms were recorded 
by measuring the intensity of a characteristic ion for each 
compound. Fig. 5 also shows the mass spectrum consisting of 
multiple ions for each compound. In the first part of the 
analysis, the APPI source only was on for three injections 
of sample and then the ESI source only was on for the next 
three injections. For this sample the drug analyte was 
ionized efficiently by APPI but not by ESI. Similarly, 
melittin was ionized efficiently by ESI, but not by APPI. 
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This shows the benefit of operating both APPI and ESI for 
detecting the maximum number of compounds in a sample. 

In Fig. 5, the last three injections of sample were 
recorded for the APPI and ESI sources operating in rapid 
switching mode. In this way chromatograms show up for both 
compounds. The rapid switching mode is useful for 
chromatographic studies where different compounds will 
elute from the chromatographic column at different times 
with fairly narrow time widths. Rapid switching of ionizers 
provides a higher probability of detecting eluting 
compounds. A similar switching strategy using both positive 
and negative ion detection also can improve detection 
probability. 

The following discussion pertains to the methods for 
introducing sample to the multiple ionizers and refers to 
Figure 6. This view is rotated relative to Fig. 2 in order 
to show the heated nebulizer/vaporizer 30 for the APCI 
source. For dual operation involving APPI and APCI, the 
sample is introduced through the standard vaporizer 30. The 
vaporizer 30 consists of an inner tube 212 through which 
pressurized liquid sample flows and an. outer tube 214 
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through which pressured gas flows. The liquid and gas mix 
at the their respective tube exits to cause the liquid to 
break apart into small aerosol particles that can then be 
thermally evaporated with the assistance of a hot surface 
216. For dual operation involving APPI and ESI, the sample 
is also introduced through the ESI source 11. 

For operation of the three ionizers APPI, APCI, and 
ESI, the liquid sample flow must be split into two flows or 
switched between the APCI vaporizer 30 and the ESI source 
11. The control of flow through the ESI and APCI can be 
controlled by a valve 224. Figure 7 diagrams methods for 
achieving this. One method of switching involves sequential 
on/off where the valve 224 diverts flow to either the APCI 
vaporizer 30 or the ESI source 11. This valve may also 
provide a flow of solvent to the device that is not 
receiving the sample flow. Another method uses an 
adjustable or fixed splitter valve 224 to provide sample 
flow to both the APCI vaporizer 30 and the ESI source 11. 
The flow rate to these devices may be different and may be 
set by fixing or adjusting the splitter 224. Another method 
is based on fast switching to rapidly alternate the sample 
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flow to the APCI vaporizer 30 and the ESI source 11. The 
duration of the flow to either device can be adjusted to 
control the overall average flow rate to the APCI vaporizer 
30 and the ESI source 11. The valve 224 may be controlled 
by the processor 140 to be consistent with the mode of 
operation of the ionizers. 

While certain exemplary embodiments have been described 
and shown in the accompanying drawings, it is to be 
understood that such embodiments are merely illustrative of 
and not restrictive on the broad invention, and that this 
invention not be limited to the specific constructions and 
arrangements shown and described, since various other 
modifications may occur to those ordinarily skilled in the 
art . 
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